A novel heterodyne detection system determines the frequency dependence from 900 to 1100 cm 1 and temperature dependence from 35 to 330 K of the Hall transport in single crystal, optimally doped Bi 2 Sr 2 CaCu 2 O 8 ∆ . The results show a significant disconnect from the behavior of the Hall angle in the existing data for YBCO in the far-infrared, which indicate a negative value for the real part of the Hall angle above 250 cm 1 , whereas that of the current work at 1000 cm 1 is positive. The current work when analyzed using an extended Drude formalism results in a Hall mass comparable to the ARPES Fermi mass and a scattering rate comparable to the DC longitudinal, DC Hall, and far-infrared Hall scattering rates, which, however, are only 1/4 of the ARPES values.
A novel heterodyne detection system determines the frequency dependence from 900 to 1100 cm 1 and temperature dependence from 35 to 330 K of the Hall transport in single crystal, optimally doped Bi 2 Sr 2 CaCu 2 O 8 ∆ . The results show a significant disconnect from the behavior of the Hall angle in the existing data for YBCO in the far-infrared, which indicate a negative value for the real part of the Hall angle above 250 cm 1 , whereas that of the current work at 1000 cm 1 is positive. The current work when analyzed using an extended Drude formalism results in a Hall mass comparable to the ARPES Fermi mass and a scattering rate comparable to the DC longitudinal, DC Hall, and far-infrared Hall scattering rates, which, however, are only 1/4 of the ARPES values.
While the DC and infrared conductivities reveal the overall response of a system to an electric field, the Hall effect reveals the sign of the carriers as well as some information as to the path taken by them. It essentially probes the ability of the carriers to veer or bend their course. Quantities frequently used to represent the effect are the Hall angle Θ H or the longitudinal and transverse conductivities Σ xx and Σ xy with (1) tan Θ H Σ xy Σ xx These quantites are normally complex for AC results. The collection of existing measurements of the DC and AC Hall effect in high temperature superconductors has revealed a most curious behavior, whose description defies all current models, while, however, apparently falling short of suggesting a comprehensive theortical approach on its own. Some of the difficulty of identifying patterns which can be simply expressed by means of some phenmenology arises from the fact that one is hesitant to make direct comparisons between the the existing AC Hall measurements conducted on epitaxial films of YBCO with thoses of results of ARPES and TSM on single crystal BSCCO. The YBCO films are twinned on a micron scale and the conductivity is further complicated by the existance of chains. The mid infrared Hall measurments reported here are the first on BSCCO single crystal and should cover some of the distance in remedying this predicament.
To appreciate the present state of the search for patterns and phenmenology consider the first of the earlier work [1] [2] [3] , which to an extent indicated that cot Θ H followed squared temperature behavior: or nodal direction on the Fermi surface are four times larger than the measured IR relaxation rates. It is not known whether this discrepancy can be reconciled in terms of small angle scattering issues or Fermi liquid effects or if it requires a more exotic interpretation.
One additional feature discovered by ARPES measurements and reported by P. V.
Bogdanov et al. [11] is a kink in the quasiparticle dispersion curve, which for Bi 2 Sr 2 CaCu 2 O 8 occurs at about 50±15 meV. The change in slope results in a reduction in velocity of around a factor of two above the kink. Z. X. Shen et al. [12] also report this kink occurring in LSCO at around 70 meV. The possibilities discussed for the origin of the kink are electron-phonon interaction, the opening of a 50 meV superconducting gap, spin resonance, or some type of interaction with the theorized stripe phase. It should be noted that LSCO does not show a strong spin resonance in neutron scattering
The experimental system of the current work measures the very small complex Faraday angle imparted to CO 2 laser radiation traveling perpendicular to and transmitted by the sample immersed in a perpendicular magnetic field. The system is the same as that used by in the earlier YBCO study [8] with the addition of an inline calibration system and a continuous stress-free temperature scan provision, and further modified to place a difraction-limited spot on the sample with post-sample spatial filtering [13] .
The sample of the current work was cleaved or, rather, peeled from a single bulk To form Θ H one would usually divide Σ xy of Eq. (3) by the value of Σ xx corresponding to the same temperature and frequency. But here, we wish to examine that part of the Hall angle related to the "free carriers." Interband transitions, which are on the order of ~1 volt, contribute essentially nothing to Σ xy . However, we must remove their somewhat more substantial contribution to Σ xx before taking the ratio. In CGS units
For Ε bound we use the value Ε 4.6 from Quijada [14] . For Σ total we use Σ xx determined from reflectance measurments peformed on crystals from the same batch. The sample thickness was determined by transmisson measurements on the pealed sample. Recall that for a Drude model the phase of the Hall angle (the ratio of the imaginary to the real part) equals Ω Γ. We shall see below that this is in agreement with the scattering rate of 500 cm 1 at 300 K, which results when the data is analyzed as a Drude form. Figure 2 Figure 3 compares the real part of the Hall angle with that from the far-infrared data [6] . We observe a disconnect between the behavior of the far-and mid-infrared Hall angle.
Starting at about 230 cm 1 the real part of the Hall angle for low temperatures appears to be negative. However, as noted above it is certainly positive in the mid-infrared. The temperature dependence of the far-infrared data changes sign at around 150 cm 1 , which then agrees with that of the mid-infrared. The thin lines are fits of squared Lorentzians, which accommodate the far-infrared results well. However, the extension of the real part into the mid-infrared remains negative unlike the data which are positive. There are innumerable ways to accommodate this plunge in the real part of the Hall angle at 300 cm 1 and to join these results with those of the mid-infrared of the current work. All would require at least one minimum and at least one maximum between 300 to perhaps 600 cm 1 as might be caused by a resonance. However, though no such feature is seen in the data for Σ xx [15] , a peak is present at ~300 cm 1 in the phase of Σ xx in the plot of Im Σ xx Re Σ xx at 100 K shown in Fig. XXX . It is interesting to note that this feature in the phase is not predicted by the coldspot model [16] . Further, its frequency roughly corresponds to numerous other phenomena including the 41 meV spin resonance, the 50±15 meV phonon interaction [11] , the superconducting gap, and the quasiparticle band width of the three band Hubbard model. We now apply the extended Drude formalism to the data of the current work. Much effort has been expended to explain the earlier apparent T 2 behavior of the cotangent of the DC Hall angle. This was thought to arise out of a T 2 dependence of a Hall scattering rate.
However, both the current mid-infrared results and the squared Lorentzian analysis of the far-infrared Hall data [6] suggest that the characteristic behavior of scattering in the cuprates is a linear increase with temperature through a squared Lorentzian. However, the features, which in the far-infrared conduced to the squared Lorentzian form, are not present in the mid-infrared.
For example, the extended Drude analysis reveals a mid-infrared scattering rate increasing slowly with frequency, whereas that of the far-infrared decreases with frequency even perhaps becoming negative above 250 cm 1 .
The linear temperature dependence of the Hall scattering rate in the mid-infrared also disagrees with the ARPES results for −Im [10] , which imply a decreasing temperature dependence with increasing frequency as is also seen in Σ xx . Even marginal Fermi liquid theory, which favors a linear temperature dependence of the scattering is at odds with the lack of frequency dependence. Recall that a frequency dependence would have caused a significant positive intercept in the zero temperature projection of the normal state scattering rate in Fig. 4 .
The lack of frequency dependence of the scattering rate of the current work on the other hand contravenes both Fermi liquid and marginal Fermi liquid theories, which claim a strong frequency dependence for the scattering rate at temperatures low compared to the energies corresponding to the frequencies. In the present circumstance Ω 1000 125 meV k B 300 K 25 meV, yet there is little to no frequency dependence of the scattering rate. The far-infrared scattering rate when compared to that of the mid-infrared curiously exhibits the same linear increase with temperature. However, the projection of the normal state mid-infrared scattering rate to zero temperature is negative. This feature was also observed for YBCO [8] . Figure 4 also shows the scattering rates corresponding to other measured quantities including Γ extrapolated to dc for BSCCO [15] determined from inverse of the slope approaching zero frequency in Fig. 3 :
Additionally the figure displays Σ xx for YBCO at DC designated "Quijada Γ " [14] , Θ H for YBCO at DC and far-infrared using the squared Lorentzian analysis designated "Grayson Γ H 2 "
and for a simple Drude applied to Σ xy designated "Grayson Γ xy " [6] , Θ H for BSCCO at 0.2−1.0
THz designated "Corson Γ " [17] , Θ H for YBCO at 1000cm 1 designated "Rigal Γ H " [18] , and the ARPES zero frequency value for designated "Valla " [9] . Remarkably at moderate temperatures all but the ARPES scattering rates agree. This suggests the existence of a universal transport scattering rate for the DC longitudinal conductivity which for Hall conduction is nearly independent of frequency. Curiously this scattering rate is not shared by ARPES. 
